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extractable industries, pirticularLy in exploration for 
ailieral aivd fuel resQ^urces. the Panel concluded that operation of 
remote sensing systems ^oa space will iagrove understanding of 
geological processes.' It also conpl^aed that ac<Jurate afeas'ureaent of 
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PREFACE 



. • In -.ovei-iber 1975, the NanpnaT Aeronautics and Space Adrainistyation ' 
(.\.\SA} asked the National. Acadeni>-"a£ Engine6ring* to conduct a summer st«y ' 
of ruture applications of space systems, with particular emphasis on practical 
approadies, taking into consideration socitjecononit: benefits. NASA asked 

^tt\at the study also consider how these applications wo\ild influence pr be 
inilaenced by the Space Shuttle- System, the principal space .transportati^tn 
system of the 19S0.'s. In December 1975, the Academy agreed to perform the 

•study and assigned the task to tHe, Space Applications Board (SaI) . 

, In. the gOnmers of 196/ and 1968, the'Natiohal ^iadeny of Sciences had 
cpm-ened a ^roup of emnent scientists and engineers to determine what research 
and development was necessary- to permit the exploitation of useful applications 
of earth-oriented satellites. The SAB concluded that since the NAS study, 
operational weather and communications satellites and the successful first 
year of use of the ex-perilnental Earth Resources Technology Satellite hadMemon- 
strated conclusively «a teclinological capability that cQuld fgym a founda^iob 
for expanding the useful applications of sp&ce-de-iuved information and services,- 
and that it was now necessary to ibtain, from a .broajd cross-section of potential 
users, new ideas and needs' that might guide the development of future -space " 
systems for practical^ applications . ■ _ - • 

After discussions wit;h NASA, and other interested federal agencies, it * 
was agreed that a major aim of the "summer study" should be to involve, and- 
to attempt to understand the needs of, resource managers anc^ other decision- 
makers who had as yet only considered space sy&teras as experimental rather 
than as useful elements of major day-to-day operational. informatioir 'and service 

.systems. Under the general direction. of the SAB, then, a representative group 

-Ox users and potential u?ers conducted an intensive two-week study to define 
user needs that might be met by information or services derived from earth- 
orbitmg satellites. This work was done in July 1974 at gnowmass, Colorado. ■. 

For the study, nine user-orierited panels, were formed, comprised- of present 
or potential public and private users, including businessmen^ state and local 
government officials, resource managers, and otl>er decision-makers, j, number 



• • * 

♦Effective .July 1, 197.4, the National Acadera>' of Sciences and the 2-fational 
Academy- of E^igmeeritlg reorganized the National Research Council into eight 
assemblies and comaissions . All National Academy of Engineering program units 
including tHe SAB, became the Assembly of Engineering. ' ■ 1 



of scientists and technologists alSp participated, functioning essentially 
as ^expert .consultants* The assignment made to the panels included reviewing 
progress m space applications smce^the NAS study of 1968* and defining user 
needs potentially capafele of being met by space-system applications. -User . 
si>ecidlists, draun from federal, state, and local governments and &om business 
'an(J industry, -were impaneled m the following fields: 



^nel 


1: 


Weather and Climate 




2: 


Uses of Communications 


Panel 

• 


5:' 


Land JLJse Planiung 


Panel 


4: 


Agriculture, Fores t^ and Range 


Panel 


5: 


Inlaiid Water Resources 


^ Panel 


0^ 


Exttactable Resources * 


Panel 


n , 
• i • 


Lnvironnenfal Quality 


^ ^ ^Panel 


8: 


Marine and Maritime Uses 


Panel 


9: 


Materials Processing m Space 



In addition, to stady ^he socioeconomic benefits, the influence of tech- 
noTo^', and the interface with spade transportation systems, the following 
panels (termed interactive panels) were convened: 



Panel 10,: Institutional Arrangements 

Panel 11: Costs and Be^nefits 

Panel 12: Space Transpoi^tation ^ ^ 

Patiel 1^: 'Information Sendees and Information Processing 

Panel^l4: Tedmolpg>' 



V 



As a basis for their deliberations, the latter groups used needs e:tpressed 
by the User panels. -A- substantial an^ount of mteract^^on with -the us^er panels 
wa& designed into the study plan and was fo^nd to be both desirable and" necesn 
sar)'/' - 

The major part of the stud/ was accpmplished by the p'anels. The function 
of the SAB uas to review the nvork of the ^paiiels^ to evaluate their ^mciings , 
and to derive from theij uork an "integrated set of major conclusions and TecQm- 
mendatians. The Board's findings, which* include certain significant recamraen- 
dations from the panel reports^ as well as more, general ones .arrived at by 
considering the work of the study as a whole, ai^e contained m a report pre- 
pared by tne BoS-rd.** \ ♦ . 

* It should be eiophasized that the study was not designed to make detailed 

assessments of all of the factors whicli shoulcf be considered in establishing 
prion tiei> In some caseSj for example', opti'ons^ other than s^ace systems for 
accomplishing the sarae objective^ may need to be assessed; requirements fo^ 



^National Res(^arch Council. « Useful Applications of Earth-Qrie?ited Satellites^ 
heport cf the Central RevieiS' Co^rittee. National Academy of Sciences, 
Washington, D,C., 1969.. ^ ' ' 

^*Space Applications Board; ♦National Research 'Council . Practical * Applications 
j^f Spaj*: Systcns. National Academy of Sciences, Washington^, D.C, 1975. 

■ * 
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institutional or organisational support may need to be appraised; multiple 
uses of systeias mav n^ to be evaluate'd- to achieve the most efficient and''' 

•economc returns. In some cases, analyses of costs anci benefits will be " - . 
needed.^ In this connection, specificcost-benefit studies were not conducted 
as a part of the tu>^-week study. Recoinmendatij:>ns for certain such analyses, 
hov^e^♦er, appear m the Baard's report, together with recomiaendatibns desagned * 
to proi'ide an improved basis upon uhich. to make cost-benefit assessments • 

In.suin, the study was designed to* provide an opportunity for knowledgeable 
and experienced us^e-rs, experr in their fields, to express their needs for 
intorma^ripn or services whiclrini^ht (or might not) be met by*space systems*, 
and .to relate the present and pote.ntial capabilities of space systems to their' 
needs. Tlie study did not attempt to ekamme in detail .the-scientific, techni- 
cal, or economic bases' f6t the needs expressed by ^the users. 

The SAB was impressed by the quaiit>; of the panels' work andjias asked* 
that^their reports be m^de available as supporting documents for the'BoA^d's 
report. UTiile the Board is m general- accord with the panel reports, *it dcR?s 
not necessarily endorse thp 4n ever>' detail. 

Jlie, conclusions aij^k re commendations 6f tfhis panel ]*eport shQjjld b6 con- 
sidered uithm* the context 9f the report prepared by the Space Applications'. 

• Board. *Tlie views presented m the 'panel report represent the general consensus 
of the panel. Some mdivrdual members of the "panel -may not agree with e\^er>' 
conclusi&u or recommendation contained in the report. ' ^ ^ / ' 
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INTRODUCTION . 



The^aneX on Extractable ResourcesJ- was charged with reviewing the use of 
information from space systems-io T^e operation of the extractive industries, 

.particularly ih exploration for m^neril and fuel resources.- To this end',, the 
Panel ,p) revieweif the conclusions *and recommeftdations of .the 1967-68 NAS-NRC 
study. Useful ApijUcations of ^arfh Oriented Satellites*; (2) reviewed the cur^- 
rent .state-of-the-art 'of remote sensing technology, (3) Reviewed" ihe contribu-^ 
tions and capabilities (Jf the Earth ^esolirces Technology Satellite (ERTS) pro- 
gram, (4) considered* the needs of the* extractive 'industries in finding, 
developing, and- producing resources, (5) considered the needs of the 'United 
Stated Government for .formulation ofraahd Use and mineral resource policy, (6) 
outliHed th* refluirem^ents of the extractive iBdusti:ieS for data f?^m future 
unmanned satellites and from Spaceiab> and t7)'.conSidered the benefits and costs 
of data, generated by Space systems in .temis of the national interest. ■ 
• ' J}^^ bonclusions/khd recommendations 'presented -are "based on" the fundam'ental 

■ premise^ th^t th.e survival 'of,>modejm industrial society reqliires a continuing, * 
secure flow of resources *forS energy , construction and oanuf actmirfg, " and iiSr uSe 
as plant foods. Di^cover)^rf>the yolumes^ and qualities of the great variety of 
earth resources* jieeded to'SlStain 'i^s fltw will tax the "scientific and en^eet 
ing ingenuity of i^dustiy and govemnent. A level of soiccess sufficient-.-to naitf 

• t^- a healthy inliis trial society will r«^in/rfi ^AmrnATit jvAfi^.gs y^jj, a^' 

private and public investment to provide e^qgi^I^ratioa ^i^^^^^.^s- w^^^^^^a^ 
with all ayaiiabie data. Data fron^'ace syst" eiHS mil j^oSfe Jan "frpmi->nt 
addition 'to informatiori g^erated fron airtraft-Eounted seniors and ground* field 
stuQies. • - 



1 ■ • 



*Nati<»ial Research Council, Report of the Panel on Geolo^sXPaa^l jt) and the 
Report of the Central Reviei} ComHtee'. National Academy ^Sdiences,- • 
wSshlngton, -D»C:-, 1969. " . ' 



THE EXTRACTIVE INDUSTRIES 



.-.•-•IMPORTANCE OF PRODUqi^^^XTRACTlVE INDUSTRIES 

^ ^WUhe development of American "econoiiic life^is mirrored %xi thje bistor>' 
/ lOf the production and use of materials, , Twp centuries ago on an 
undevejjlped continent, -early settlers pushed bade the frontier and 

- * foster^ed the growth of an agricultural (economy, and a nascent 'mateiials 
producing sys^m,. Ir^ the 19th century, labor and coital wei^e imported, 
chiefly from Europe, to exploit ottr. natural resources^ These resources 
made a» critical and contimiing contribution to American life/'* 

A tecMiologicaUy based society depends on. raw materials from whidh -manu- 
factured products are generated. The b^ic sojirces of wealtK on which, even the 
-service ''industries^jare^^lt depend 6n the incomes derived from the dwelopment,, 
production ^d cbnversion of materials fnto ^ess^ntiai or'desifable products. - 
The prepojKlerance pf the taxes which pay for gquerhment ^rvices are derivedjj^rom 
the Aicome generated fqon the^e indusirriesv _ * 

. ^'i^^^^^® ndnerils industries, which prodSide tJsz -of the .energy aad plant 
^ooi^ m3±0&Bii^slf of t^e bra^lding pateriajs^ aad m of the Cetals^ sold 
$32'i3ili^yf products to a gross^ national product. ^CfP) of $1^2 bilUon. 
Bfe vatie. '6$ mineral OTpfe6ts is tiras SiDut 3 percent \of the GSP^ but mineral 
products are^ one of tSI basic generators of the GNP and provide vfery high * * 
leyerajge. * * " 1 - ' ' * ' 

A chart illus>tratin|" the flow Df mineral materials through the^U/s. 
economic system was included in the 1973 Report of the National" Commiss*ion on' 
Materials Policy. An adaptation o¥ this figure is shown in Figure !• 

'Population and per catpita consumption increases will continue, to place 
increasing dempinds on the extractive industries. This will be true even if the 
present tren^ toward zei^o-growth birth rate continues in some countries/ 



"Material Seeds and the Environment Today and Tomorro'J, Final Report of till 
National Comndssion on Materials Policy." Submitted to the President and the 
Congress of the.U.S., June 1973, .p. 1-3. » 
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FJ.Gaia i THE FLOK or,MINERAi ti??fERIAiS TTSlOUGH THE U/S*_ECONaMIC SYfTE-I* 

(1972 estiiuates) , 



Source: Second Annual Report of the Secretary oi the Interior, ujider the 
Mining andx^iigyars Policy Act of 1970, 1973- Reproduced in Material Needs 
and^the EnviroTvnent Today and Tomorrow^ 1973, p. 2-2. 
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It has been estimated that the' world demand for raw materials will more than * 
■double by the end of this centur>'. The world population Snd the gross domestic 
product as projected' for the National Commissipn on Materials* Policy to the. 
Year 2000 are shown in Figure II. 



mb-b* > 2000 




CKOSS DOMtSTtC PRODUCT 

l*56-5« - 2000 
(Tntkoni •! OS. OolUn (7971) 
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FIGURE TI RMERIALS REQUimiENTS IN A CHAhfGING TORLD 



Mineral raw materials are obtained* frem deposits of certaiti elements and 
minerals concentrated by natural proqesses in past .*geo logic tiige,. These deposits 
are finite an'd n^n- renewable. They must be continually replaced by the discovery, 
development and exploitation of new deposits* Most deposits of useful minerals 
are rare and hard to find. Every possible technique to aid in this search has 
tcfbe utilized, no matter how remote are the possibilities 'of discovery. This 
is why the extractive industries account for approximately half tl^e sales of 
ERTS data even though the industries are just beginning to use those data to* 
their full potential. * 



Source: Malenbaum, W. "Materials l^equirements in the United St?ites and 
Abroad in the Ye^r 2000/' Research Project prepared for the National Comlnis- 
sion on Materials'Policy by the Wharton School, University of Pennsyllvania, 
March 1973. Reproduced in Material /feeds and the Environment Today and To- - 
morro'J>, 1973, p:. 2^15. ' " ' ^ • 
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The national needs far success in exploration are so great ^at no oppor- ' 
tunity must be passed -by. Eve*>' exploration plan "that has prosj^ct? for-'aiding 
the program is insurance for the future. The survival of our industrial society 
depends on "••.adequate ei^ergy and material supplies not oniy for the basic 
needs of nutrition, shelter, and health, but for a dynamic e'conotoy/'* 

Production of minerals returns more income per acre than ali other uses 
Qf land except for dense. urban development. Yet in th^ whole industrial histor>' 
o^ the United States, only 0.3 percent of the land surface has been disturbed 
for extraction of CDal, oil, gas," stone, sand, gravel, cement rock, metal and 
non-metal ores. About one-third of these disturbed lands have been returned to 
other uses. Under laws now developing, these lands will be returned to other 
beneficial uses more quiidcly than has been the case in the past. ERTS data 
will be useful for jnonitoring the progress of that return. 

^ • • J 

^ ^ DISCOVERY, DEVELOPNENT, AND PRODUCT-ION OF MINERALS 

The establishment of a ^lew source of. minerals is a long* difficult, and * 
costly procedure involving many distinct activities. The first &%ep i$ to 
identify potentially productiy.e provinoes'withiri the earth's crust. • The eaxth 
is neither chemically nor structurally horaogenegus and certain kinds of minerals 
are restricted to certain geologi,c environments. For eocampl^, oil fields are * 
found in sedimentar>' basins; chromium is found ii? association with igneous 
rocks rich in iron and magnesium. . * ' ' • ' 

The identification of. new metal logeniis pr oil and gas provinces* is* based 
on^ the accumulated wjlsdom of generations of previous investigators whose h'ork 
has 'developed e'xtensive knowledge of, the earth and has led to the de\'3elppment 
o£ theories of origin of mineral deposits. 'SjTiojjtic views of large areas of 
the earth's surface obtained, from space, together with data from various remote 
^ sensing devices on space vehicles and aircraft, can make invaluable contribu- 
tions t^TScnoKledge and -theory. It is*unlikeiy that any single sensor can 
.locate directly individual deposits. Nevertheless, the coHi>ib\itioi;is to theorizes 
of origin t^. be derived^ from the space* program could be a major step, toward the 
improvement of the success of exploration programs. 

• Before extensive search programs aire carried out in a province selected 
from an earth ovenaew, a thorough assessment should be made oY the pplitical 
and economic factors within the boundaries of the prpvin^e. Questions such as * 
climate for investment and geographical accessibility * are of vital inq^Artance 
in the decision to expend thfe vast sums of money needed t^o* isolate geologic 
targets within the province. , . 

^^^^ The next st^p is the. long, tedious, and costly process of reconnaissance.^ 
The •process starts with emplo>Tnent of remote sensing devices long usecjlln 
exp,ro ration, including aerial photography and -airborne magnetic, electromagnetic, 
and radipmetric? surveys, and proceeds to geological interpretations of these* 
findings where the geology appears to be favorable to th^ concentration of 
miiterals. Jhose who finance exploration programs must be assured that the land 



*Lette^ of transmittal to the President and the Congress, Final Report- of the 
National CoKimission on Materials Policy, June 1973. 



is accessible, that tenure can be established, and that they can realize a 
reasonable return. Then bpgin the progressively more expensive geol9gic, . geo- 
• chemical, and geophysical sun^eys on the surface. 

When the evidence, developed after enormously variable expenditu!res (from 
a'fev* tens of thousands of dollars to tens of mil^lions, depending on the target}, 
gives sufficient confidence to proceed, the target must be carj^fully delineafed* 
This evidence- is obtained by detailed geophysical and g^ochemic^l surveys and 
finally b)^ exploratory drilling, 'trenching, tunneling, sampling, and analysis. - 
Only then can the deposits be developed by more extensive drilling and thq con- 
struction of mining, concentrating, and refining facilities. • In the case of 
oil fields, the development phase requires* drilling pf productive wells, con- 
struction of' gathering pipeline, and refining facilities. ^ 

At each step of the way, the /os,ts increase geometrically. The decision 
to proceed must be weighed at each' step befpre the next| order of eJcpenditure ,is 
undertaken. Abandonment, mefin^ viirtually a totaf? loss ot previous expenditures. , 
The ris|l^s ir*vol\ed are enormous and increase as evidenc^x)f new resources becomes 
more tenuous. * * ^ . * 

^ . . . . . ^ 

GOVERNMENT KEE^S IX POLICY ^RMULATION « 

In addition to the nee<is of 'the extiractive industries for- information 
al?o;at the e^rth and its processes, *various agencies of government with respon- 
sibility for promulgating land use, natural resqurces, and environmental polic>' 
need* information about .ther, earth and it?s processes and th6 vays in which the 
earth is being used \>y man. If the feder& and state governments are to.j:arry 
^out their responsibilities in this field, they must understand th^ capability 
of the earth to sustain varaous kinds of uses and the environjnentah qonsequences . 
of those uses. The extractioij and processing of earth resources has an impact 
on the environment. The natjfite aind. degree of iii|)act depends on the* seal's qf , 
the extractive enterprise^, on the quality of its eiigineering, and, to a very 
large extent,* ort the' geological environment of the area^ in which' the enterprise 
is operating. Extractive industries mine "one crop" and after the resource is 
'•harvo3ted," the land may be restored to other faenefici^J^.use. Such restoration 
opcurs, in some areas through natural earth processes; in** other areas, it requires 
reclamation and restoration efforts. 

Government has need for (1) basic information on the geolog>'' and natural 
•earth processes in the area. of operation of the extractive industry and (2) in- 
formation on the cheiaical, thermal, and^ other physical impacts of the extractive 
industry on the area, including, the extent to which the industr>''s operations , 
alter the composition of laniJ, air, and water, affect the ecolog)', and change 
■ the configuration of the land surface.- ■ , 

The data needed take the form of Repetitive imagery at a scale that permits 
measurement of the changing sizes of pits, dumps, and tailing ponds, the distri- 
bution of rock and mineral wastes, and other physical and chemical parameters 
which can be measured from photographs or other scanners and sensors. Repeti- 
tive analysis of the composition of airland water in the area of the activity 
are also needed. * . ♦ c > 
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The Panel an Extractable Resources ^^aogni2es the need for Jthese data by 
appropriate agencies. The extent to which the need can be met by space systems 
and the specific requirements of these systems are discussed in the reports of 
the Panels on Environmental Quality and Land Use Planning.* ' 



INSTltyiJONAL CONSIDERATIONS 

*. Many of the ourreat shortages in the supply of industrial materials arise 
' in large-measure froui ignorance of the nature of the probl-em among decision ^ 
ma}cers. Theories, instead of knowledge based on experience, have led to 
seriously deficient policy decisions. * 

It is therefore essential that institutjlons designed toaencour'age or control 
resource development be responsive to those colleague^ who are charged "with the- 
gathering of data and the t^e'of those data in -research into conservation and 
. use.* These "are the people who are in daily contact with the industries and 
research agencies involved, ^< » . 

Jt'is tfie firm belief of the Panel on Extractable Resources that those* 
agencies of government that deal with the extractive industries must have. ^ voice 

^in the decisions involved in serving or regulating those industries, including . 
•decisions related to r-emote sensing. The 'Department of the Interior currently 
is^the focal 'ppmt for this wide range of interests and the proposed Department 
of Natural Resources would have a similar focal role. The Department c^rthe 
Interior- ^Tlould be structured to bring together^ interests rela.ted to the ex- 
tractive industries in mining, land management, reclamation, geological survey, 

•parks, and fish and wildlife , under the coordinating respohsibillt;\' of ,an 
^nJer Secretaar>- who should sp^ak with the 'authority both of knowledge and of 

'appropriations^ He shoulji involve ^ther federal,' statfe, and private user 

.organisations in the decision process; but should wield the power of appropri- 
ations to implement .those decisions. Further, the Department of the Interior 
should be^ charged with continuing research to improve its services to*user^. 
If these institutional arrangements -can be made within thfe Department^ o^ the 
Interior or its successor' agency ^nd effectively involve other . go\^mmentv - 
agencies which deal ^ith !the extractive industries, the Panel, believes that 
the^re is no need for a new agency to deal with rem(>te sfensing for extractive 
uses. ' ; . * 



^l^rlU%~^^^^ 'PP^^-'^ons of Space Syst^s: ' 

Apvlicatiar^ of'LJf l'' ' c ^"^^^^'^entaZ Quality ind Practical 

council NatiAnf; /®P°''^ J° Space Applications Board, National Research . 
council. . Nati6i)al Academ>-of Science^, Washington,. D;C., 1975. ^ 



STATE-OF-TilE-ART OF EARTH-ORIENTED SPACE SYSTEMS 




4 . ' 

. OPERATIONAL SYSTEMS , ' ' ' 

Improved weather inforraation based on operational satellites and distrib- 
uted by the National Oceanic and Atmospheric Administration (NOAA) is of great 
value to the extractive industries. Field canps^-minqs, and dri^ll sites' are 
commonly in remote and hostile enviro'nments where, local, weath^ data are scanty 
and where short-term weather forecast's' are cruciajl. The benefits of improved 
weather information will continue to increase, especially as -off-shore mining 
and oil production proceed to deeper water farther from* shore. It is obvious 
that the ext.ractive industries have a stake in the on-going research programs 
to improve weatlier observation from space and to Achieve better short-range and 
lopg- range weather forecasts ♦ . • • 

The TRANSIT navigation satellite f3 widely accepted within^ the extract- 
tiv^ itttiustrie^ for navigation and position location. Harine^seismic crews 
have used satellit-e navigation ver>' effectively, with inertiai giiidance >br 
bottom-reference sonar to interpolate between satellite fixes,. Service * 
cami>anies/have al30 engineered^satellite receivers to locate. iiase camps or ^ 
otTier fixed installations. .There is still a need, of ^capability for more " 
frequent ^d more accurate position location. 

Sjjnilarly, the extractive 4.ndus tries are prime customers for op'erational 
satellite, communication systems. Voice'^onSnunication worldwide is *a o^ntinu- 
ing need, and data transmission by satellite will open up new possibilities. 

EXPERI^ENTAL PROGRAMS ^ 

The earth resources technology satellite LANDSAT (formerly ERTS) i«the 
first spacecraft system designed specifically for earth resources surv-ey^l It 
has provided experimental data for^over 350 domestic and foreign investigations 
in various disciplines. The experience gained with this prototype of future 
space systems has been invaluable. Several* applications in*each discipline area 
have been proven feasibUe and have been identified as potential candidates for 
quasi-operational tests. The orbital parameters, sensor spatial quality, , and 
data quality have been adequate for the Department of* the Interior to 
seriously consider acquiring a modified ERTS for the first 'operational system. 



Although the ERTS is a U.S. system, more than 100 foreign investigators, 
sponsored by Iheir governments, are conducting evaluations of U.S. supplied data 
for resoyrce' applications. ^ ' * 

Th^. data. acquired by ERTS ar^ in. the public domain and obtainable for the 
cost of reproduction at the U.S. * Depittment of the Interior's Earth Resources 
Obsef\'ation System (EROS) Data Center at Sioux Falls, South Dakota. EROS has 
provided complete cloud-free coverage of the'Unirted States. These data have 
been used for a substantial number of e3q)eriments based on the study of linea- 
ments and signatures nelated to mineral occurrences. A good example is the use . 
of a l»ge-scale mosaic comprising several states, including Utah and Colorado, 
that shews an east-west trending fault associated wit|i the^ Colorado mineral 
^elt. The fF^Tg photographic transparencies avail'able from the EROS Data Center 
have resolution to 80 meters and 16 ^radiation intensity or gra>^ levels. The 
magnetic .tapes of the same coVerage haYe^-the same inherent resolution; however, 
they provide 64 gray le)jels and are* used for computer processing of the- data 
that' h*ve ^>roduced the pictures. " ' ' 

Despite the successes and the krjOwjLigdge gained from ERTS, this satellite 
remains the "Model T** of earth resourc^e^ space remote sensing systems.* However, 
ERTS-1 has had a lifetime beyond the initial one year expectation; the multi- 
spectral scanner was stiLl functioning as qf July 1974. Many improvements and 
a^lvances. are necessary to satisfactorily meet application requirements. 
Increased temporal and spectral coverage are required for many applications. A 
fifth band i^i the thermal infrared region is under development for a later ERTS 
mission; however, extension of spectral coverage to -the microwave* region, is 
necessar}^ for all weather dat3 "STcqikisition and offers considerable promise fx)r^ 
many applications. , ' ^ • , ' , ^ 

The Earth Resources ix"periment Package (EREP) of Sky lab was the first manned 
and the second space earth resources survey system. It consisted- of.. a set of 
experimental instruments to evaluate .the following: \ 

^ Manj^ role in j^arth resources surveys from space . 7 ^ 

Earth resources f^lm return systems * * 

Applications of 'active and passive micirowave systems 

High resolution photographic systems^ ^ • . 

^ Narrow-band multispectral scanning systems including near-, mid-, ^ , 

, and thermal -infrare'd bands. . ' ^ * 



• The EREP multispectral camera has a resolution. m 30 meters and thevjerra 
d . 'camera 10 meters. , Final results of the ex^jerimertts Ire not yet available /\how 
* ever, preliminary findings are encoui^aging. The sophisticated nature ef tne 

multisensor, multa^spectral data acqjjired in three missions duVing the 9-month 
«^ activity period lends itself ^%o compliter processing and analysis. Preliminajr>' 
evaluation of the EREP data indicates they will be. useful for future geologic 
reconnaissance 'and mineral .ex'ploration. 

* 
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RECOMMENDATIONS OF THE 1967-68 SUMMER STUDY '^^f' 

^ -The tjeology .panel of the ^1'967.'6*8. Summer Study on Useful Applications* of 

Earth-Orientea Satellites recommended: ' ^ ** . 

♦ ■ ' • • • ' 

1. ^ Immediate (within three to five;years> low-angle c^lor photog- ^ 
. raphy of Northed South America by sun-'synchtonous satellite' 
and immediate '(within three to five years) side-looking radar 
. ^ coverage by aircraft of the same two continents. A geological . ' 
resources satellite, called* GEROS-1, ^as estimated to requite < 
a budget of ei^ther $38 or $57 million, dq)ending on instrumenta- ^ 
tion. It was recommended.- thrat GEROS-1 be operational in three* •* ♦ ^ 
to five years. 

• . ' ■ ' * ; 

= 2.. Research and development on\the spectral signatures of rocks,' 
• minerals, and soils witH a first pjiaSe-for 5 years at $1.7 niil- 
lion per- year -and a second ph^e for 10 to 12 yekrs at $1*2 gii-l- 
lion per year, Jj: was Contemplated that the work should progress 
from field and laboratory studies, ifi the first phaSe' to aircraft ^ - 
and spacecraft jsxperimentation aiTd testing in the second phase. { 
' • • , , . ' ^ - ^- V ' . 

' It is the judgment of the Pane-1 on. Exttactable Resources that the -develo*p- • 
ment of ERTS (approximately $160. million) and ERE? ^approximately $135 million) 
m a. 5-year term has more than ca:^Fied out^-^e recommendations for sytioptid - 
photogr-aphic coverage made by the Panel on Geology of" the 1967-68 summer "study. 

The 1968 panel's recommendation that there should immediately be implemented 
a program designed to produce synoptic aircraft-based" radar coverage of North 
and South .America was not carried out* f.or several reasons. ' Such ^ operational- 
'aircraft project w^s not apptopriat^^for NASA to fund w;Uhin its authority for* 
experimental programs\^ No other agency considered it ^propfiate tQ its mis^ioA 
to fund th^ program. » / * * . ' * 

Tbe 1968 panel's' second recommendation has' not been cdnpletely carriecl out. \ 
To date, only abo^f='$l million has been spent by the U.S** Geological Survey on 
research on spe(x^al signatures of rocks, minerals, and soils, as against- the ♦ 
approximately $10 million teccJmmenHed for th^^e fir^t S-year phase of this' project. 
NASA also reduced its^ level of funding for rock signature research because* early 
results were disappointing aAd there appeared to be niore productive opportunir 
ties in othej' areas. A major problem is that variations in atmospheric,' corf-- 
ditions and surf angles cause, the signature of the emitter to be so variable, as ' 
-to make recognition ^uncertain* Funding was restricted to 'the most promising • • 
areas of ^in^ry, namely, microwave sensors and vegetation reflectanc,e in • , \ 
mineralized areas. # . ' ' 

In the present Panel's judgment, the modifications' made of the fecommeitda- 
tions of .the- 1967-^8 Panel on Geology wer§ sound research decisions in light of ' 
results obtained from theft-cui'reht 'programs and of "funding' realities. /' 
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^ FUTURE E/VRTH-ORIENTED APPLICATIONS OP SPACE SYSTEMS* 



' Some of the applications of future systems will require Advancements in 
the technology. Other. aj^lications will 'demand no new technology, but rather, 
will stress the; need for continuity of systems already fn us« on an experimental 
basis. Some of the need? can'te satisfied by aircraft photography. However, 
the use of satellite observations Will permit geological explbrations on a much ' 
broader scal-^. Some of thie requirements for whiph new technology will have to 
be applied are nec^essary not* only to meet 'technical needs ^ut also to deal ^ 
w^th legai and economic factors. Some »ejcamples fgllow. 

^ . ^Potential deposits are oftJen sought in remote locations} -which lack sopliis- * 
tijTated bench marks, grid systems, or other reference? for position determina- ' 
.tion. It is often necessary to mkke -repeated visitations toj prior sites of^ 
exploration; therefore, an accurate position, determination. sVstem is necess^. 
IVhen ^ deposit is discovered, 'it is necessary to kn^w whether ^of%ot the find 
is on protected lands, 'and here a distance of a few meters is * significant, ♦the 
Panel hopes that the advent of commercially available back-iack equipment for 
position determination will occur soon. 

In seismic exploration it* is necessary to collect the data in- t^e f^eld, 
send it to a computer center for processing, and-then make toother seismic test 
based on the processed dat^ from the ^rior test.* This i^ often ail iterative 
process. . In some known cases^ this round trip to and ^rom ith^, computet center . 
has required as much as four months . Coitounications capabji|li4:y that wuld 
permit digital data handling .would make possible almost real-time analysis for 
se'ismic data, which coul^ ampunt to significant economic, saving3>* The Panel 
recognizes that therp is a ne^ed for small, low- cost transportable earth teijninals 
for handling digital data.. ^ • . ♦ • » * 



. GEODETIC''MEASUREHENTS ' . ' • 

* * y 

Better definition of the relative motion of teutonic plates will contribute 
to wvlerstanding of the m^tallogenic process and may disclose new regions which- 
merit detailed exploration. " ' . ' ] ^ 

Qritical to the observation of plate motion is the resolution of the measure 
ment. The parameter to be measured is the velocity of one plale relative to 
another. The velocities are extremely low, of the order of 1 ta 10 centimeters 
per year. The relative velocity must be comput^^or measurements of th^ 
positioii of each plate at various times ovet lon^periods. If a sufficient 
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^ number iof jneasurements are laade, the velocity may be calculated tp within the • 
^, >^ ^necessary ^accuracy, ^ . • *^ * • y * 

The.pat.terns of earlier plate movements j'T'f they carube^ asceritained, may make 
it po^sible^ to delineate land' mas^^s yhich are not currently experienc'ing rela- 
^ *tive^ motion, bur which may nevertheless have potential for mineral exploration. . 

A system -for'.provicfing this geodetic information shejild meet the folldwing * 
• ^"^^equirements : ^ ^ ^ , ^ * , . ' . ' ' • 

I. 

•* . \ * ' • 

1. Readings annually for a decade • ^ 

« • 

^ ... 

2; Position sensing with resolution^of + 3 cm - . • 

• Data tabulated as calculated results n 

* - '4. Globa^l coverage ' » ' * ' • 

Better understanding of the long-term movement of .tectofiic plates could 
. . lead* -to th6 possibility ^f predicting earthquakes. * • 

/ • ' CONTINirOJi^ SYNOPTIC IMAGERY 

• The most important contribution of ERTS-'l. consists of synoptic coverage of . 
the earth in a continuous sequence of 185 km by 185 km scenes at cpnstajit sun 
angle. • The alternative is t^e classical aerial photomosaic^ composed .of many^ 
small pictures, taKej^for reasons of economy imder different sun-angle illumina- 
tions; the result is (a ••checker board" effect making the compari3on of tonal 
differences^ among areas on the mosaic difficult. 
> < 

Operational Requirements * . # 

^ . " % / . ' 

Although ^tlje geology of the earth ^does not change rapidly, much might be 

^ learned by observing the effects of sofaS: heating, show covei, differeint ^ . 

atmospheri.c transmissions, ahd vegetation cdver.. The operational requirements 

for synoptic imagery of the earth related to' the extractive industries are thus 

subdivided as follows: 

Yearly requirements: Land sJLides,' vblcanic activity*, erosion, 
coastal changes, tailing dump growth, and forest clearance- 
cutting scars require yearly updating. * 

Seasonal requirements: Vegetation .chang*es require 4 to 6 seasonal ^ 
coverages during the year. 

. Dai ly^ requirements: To achieve t:loud-free synoptic views daily *\ 

coverage for apj)roximately 30 days during each season should ^ 
provide about two scenes per target area. • . 

• \ - .24. . 
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Tio^-of-day requirements: In mounta?Jibus areas, il luxation ^ 
hoth the sunlit and the sh'^dow Jside 'cf-^the mountain requir^ tv# '"^r 
vifews each, mid-aorning ^d mld-aftexnooiv* The Tieat. capacity ^at^ 
fidng wavelength inf^^ tands) require ^M^r^r^^^ collgction^ 
^'vtween^ and 4, a.m. without si^rf^illumaiiation. Sun* illumination 
ita'for the preceding day are required fqr d^^a reduction/ 




Sens^&i^ilequirements 



- ^ . . . . - - ■ • 

^ Ahe sensors should^ have the capaoitjf to/tecord the surface scene »in the 
^ / refXected sun light bands blue-green/ yelSow-ol^ange, red-deep-red, near IR 
* ^and -in* the long jvavelength IR bajjds' ^p^. n3/g||t. and day^ J • * y ' 



Data Requirements . - ^ / r . ^ 

f 'In the data collection by synop/ic imagety, dtems to be consi4ered include: 

Forma?: The data should b available in phot>tVansparencies 

and digital magnetic tapes for scenes having anlai^ea of 185 km by . 

, 1^5 km> annotJated as to latitude, longitude, d^, local time 

. ,and/or sun angi§*. ^ • »• 

* • 

.Accuracy: Data sho\ild be accurate within the following limits: ' ^ 

. , 1. • The resolution should be +^'30 meters in the near • 
^ . V future. and +_ 15 Iraeters in the 1980' s.. (Present . \ 

resolution *of aBout +^ 80 meters is adequate for * 
• ' 1 e'icperimeijta^ purposes*) ^ ^. , ' . ' ^ ^ 

' * • * ' • 

2. Imaging should continue-^ prcFVidel^' grey levels ^ 

>foV phototransparenci^ and 64 gr^JTieveJs f6r 
magnetiti tapes. • ^ . ^ 

* Coverage:; The scenes should be taken over the global land masses 
and the . continental shelves", > , * 



* \ OPERATIONAL REQUIREMENTS FOR HIGH RESOIJUrriON TARGET IM^ERY 

Coyarage of sellect-ed target areas of approximately 80 km by 80 km^witha' 
resolution of 10 meters* is,. required fqr detailed geological target,* evaluation,, 

Time-of-dky requirements: The pictifre should .have minimum 
cloud or sand storm interference and shadow ejects 'are^ 
undesirable. in mountainous terrain^ Multiple coverage ?iay be 
required to minimize clduds, sand storms, and shadows. 
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^ Data requirements: The data should be available phototrans-r ' * 
jarencies and cUgital magnetic tapes^ annotated as to latitude, 
lo^tude^ d ^e^ lag^ time^^ msX/xsr. sun-angl^* - 

V ^ Accuracy^: \esolutidn s^ioi^idlie £ 10 meters. Iliag^ \re required 
in three\basic cblrors wifK^the* ability to distinguish l6 lev^s- 
, in the .scale of color "s'aturat ion. * • ^ * - « 

Coverage: The scenes should be taken over selected areas on the 
global land jnasses and the continental she Ives • 



POSiTION LOCATION 



' An exploration patty ;needs to'lcJiw its position accurately because. (l)'*the. 
party will need to return *to sites previously' visited and*X2) accurate descripr* 
tions of position are ess.^tial in acquisition of properties. ' i 

Hemisphfricai coverage Over global lan^ masses and contiAental*^sKe],ves 
Should 'be provided., Ekch overpass of the satellite should provi.de latitude- and 
longitude^ to.be recoirdM at the site on magnetic ,t ape.. Accuracy Shotlld lie . 
witl^n + 30 meters in the. near future and within +_l0 meted^^ in the 1980's. ; 



' . : ^ COMMl]|^ATIONS . ■ ^ 

There is a, need for communicatipns %tween extractive, industry central loca- 
tions and crews ill the field. Voice communications capabilities are needed' for 
personal ^liaison purposes and digital communications capacity i§ needed for data 
(for example, seismic data^hich could be prbcessed more quickly ^d economically^ 
at a central location). ^ ' ^ ' ♦ • 

Operational Requirements^^ * . ■ — ^ 

Both voice and /digita^l communicatiojis links should be available 
at least ojice a day .between coj^any head^^rters and field sites, 



Bate Requirements 
* * . Format; 



Two yay voice communication is needed. Scrambler 
capability should be pi^ovided to meet security 
requirements*; ' - \ ^ ' , 

2." A digital data transmission capability of up to 10 

bits pexi'^cond will be .needed in th^ 1980's. • / 



Accuracy: Error raies should be con^atible with b^st P9ding 
practices (approximately oite error in 10^ bits).- Signal- to- 
noise ratio should be suitable for magnetic tape recording. 

Coverage: Communications capability. should be provided over 
the global land masses and continental shej>es. 



. • ^ 6PACELAB EXPERIKENTS 

Pperational Requirem^ts 

The Pane^ believes that in the 1980 's, most of' the research problems con- 
cerning spacebome reconnaissance for the extractive industries will be solved, 
The previously discussed problem of rock signatures will be well understood. 
The problem remaining will be the. removal of operational restrictions, such as 
cloud coyer, sand storms, and vegetation mksking. The Spacelab offers the 
opportunity for experimenting with systems to remoye these restiictions., 

% 

Sensor Requirements 

The sensors should be multifrequency, high-resolution i^dars, operating: 

* As reflectometers, .measuring in the active p>de, the radar 
cross section* of a resolution element: — - 

As radiome;j:ers, measuring in the passive mode, the microwave 
radiance of a resolution element. — 



Data Requirements 

Format: The data should be displayed to the operator on-boaid 
Spacelab to allow in-flight evaluation and should be recorded 
on 'magnetic tape. - * 

Accuracy: Data acquired should provide resolution of +^ 10 meters 
and an amplitude atcuracy to^within J petcent. ^ 

Coverage: Areas covered should be -global land masses and Cbh- 
tinental sljeJLves. 
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Bepause it is essential to the national^welfare to' ensure the discovery 
and production of earth resources and to develop a sound, balanced national 
poliq>' on mineral resources and land use, it is the Panel »s judgment that the. 
United States government should make such investment as is necessary to continue 
the earth resources programs using* unmanned satellites and Spacelab to produce 
the kinds of information previously discussed. The benefit of the program is 
an improved capability to find new mineral deposits and to develop sound 
national land use wd mineral resources policy. 

The extractive industries and various government agencies concerned with 
land use and environmental quality have already received benefits from earthr . 
oriented spa'ce programs. These include: 

.Long-term contributions to basic k^iowledge about the^etarth. ancf 
its processes that will result eventually in an ixi^Toved theory* 
K,* --of formation o*£ mineral deposits, , ^ . 

, " An important new^ dimension .(synoptic imageiy froSi space) in the 
exploration phase of mineral development. 

Recurrent data on the impact on the eax^ of extractive industries^ 

Iii5>^rtant iiqjroved capabilities in (1) dommuni cations and in** 
determining precise location on the earth.' s surface; and 
(2) weather advisories for the increasing mineral-industry - 
activities in and on the oceans and in remote land and ice ares. 

In considering these benefits to the extractive industries ^d to the 
nation, the question to be asked is: To what extent and^at what cost will. space 
systems data eitiier (1) substitute for data now c3)taihed^ from aircraft and 
ground, surveys , or (2) add a capability not now possible through aircraft and 
ground surveys? ■ . . ' ^ 

For basic earth science, space-systems data pirovide a repetitive synoptic 
view not possible with other techniques and make possible precise measurements 
of earth processes, such as tectonic plate notions, not available through other 
techniques. • , T . 
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In mineral "exploration programs, space-systems data can substitute for hxgh- 
altitude aerial photography. Space-systems data cannot substitute for low-flying 
aircraft photography or sensing or for ground ^ifrveys * Ihe cost differential 
between. the, present cost o,f hfgh-altitude' aerial photos and the appropriate share 
of the cost of space systems i^gery tq be allocated to mineral exploration remains 
to be determined. Of much moi^ impprtance is the added capability provided 'for 
mineral explor^ion by space systems. The Panel believes that this added capability 
does increase the probability of discover)' of mineral deposits but finds it impos- 
sible to assign a dollar value to this' increased capability. Application of cost-' - 
•benefit method^log)' to exploration is subject to the same limitations as applica- \ 
tion of cost-benefit methodology to other research and development programs. 

In monitoring the impact on the earth of the extractive industries, = it is 
pQssible that a space systems capability for high-resolution imagery could be sub- 
stituted for aircraft monitoring. The degree of substitution and relative cps.ts 
rem^n to be determined^ I ' ' , 

In position location and weather forecasting, it is clear that the extractive 
industries have benefited enormously from in^jroved capabilities offered by the 
systems aliready operational. This contribution is susceptible to cost-benefit * 
analysis and should be so evaluated, 

* As a caution, considering the demonstrable benefits t'Rat have and'will accrue 
to the sellers and users of earth resourjces data obtained from space systems, 'it 
is unnecessary, and indeed counter productive, to overstate benefits or to Qon- 
trive quantification. 




ERLC 



29 

■ 20 

4 

\ * 



■J 



^ 

^ CONCLUSIONS AND RECOMMENDATIONS 



The Panel concludes that operation, of remote sensing systems from space is 
vital to the maintenance of our industrial society. Res^Vch and development 
into space remote sensing systems improvement and support at a level needed to 
reduce cost i^ essential. Many of the needs of user communities for, specific , 
sensors arg^^common. Therefore the cost should not be charged wholly to any single 
user codpiunity. The nation benefits universally from improved weather forecasting, 
land use knowledge, position location, knowledge of scientific processes, avail- 
ability of materials ^through exploration and development, etc. TheVefore^it is 
sound policy to finance the basic .scientific and engineering program from public 
funds. 



GENERAL RE(X)yC^EfiDATlONS 



Generally, the Panel recommends that: 



Developnentj maintenance^ and operation of gemote sensing systems^ 
designed to meet the broad needs of society become a pemanent 
^tivity of the federal government. ^ . 

The government continue to enlarge a development agency witj^ 
research, and development on hardware and sensing systems and with 
operating the space vehicles. • • ' 

The government design its space programs so that the user, commun- 
ities control the course of the program through the budgeting \ 
procedures *y>ithin existing agencies. * 



• ' SPECIFIC CONCLUSIONS AND RECO!*IENDATIONS 

Specifically, the Panel -concludes and recommends: 

1. Conclusion: ♦Improved understanding of geologic processes on 

a global scale and .accurate measurement of large-scale crustal 
« • • , * 
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morons will lead directly to an improved theory of the processes 
of minfxal concentration and to m9re* enlightened selection of re- 
gions of the earth ^that merit e^q)loration effort. 

Reoameridation: UAB^sRould continue to develop the technology 
fdv determining relative positions of points on the surface of * 
the -earth to such an 'accuracy that relative motion ^f tectonic 
plates can be observed and spatial variation of the solid^earth 
tide can be mapped. 

Concliision : Imagery from satellites provides a new dimension 
in the reconnaissance phase of oil and mineral exploration. More 
research is required t6 exploit the full range o-f sensor capabil- 
ities and to. develop sophisticated programs of data anal)^i$. 

Reqormendation : * t}ASA should develop and test sensors to cover the 
full* spectrum of anticipated needs^ providing continuous synoptic 
VTiogery wiHh an option of high resolution imagery for selected 
targets. * - , . 

Conclusion : The most effective use of remote sensii>g from satel- 
lites will require involvement of the user on a continuing basis. 
Although sharing spacecraft artd* sensors among users is clearly 
desirable, i^ndividual data sets and programs of data analysis will 
be unique to some users. -It is necessary that each user be able 
to work with a^ agency that understands its unique needs. 

Recamendation: The Department of the Interior or its successor 
^ agency should continue ^to hav^» re^ponsibiZiiy' for providing* remote 

sensing dsgta to users in the extractive industries and for extend- 
' ing datlz analysis services. ^ 

Conclxision^ The extractive indjiistries are already aafcing use of 
the. TRANSIT satellite position determination system. There is a 
need foi* commercially available portable groimti equipment, capable 
of determining position to within 10 to 30 meters on a continuous 
basis, at any point on the globe. 

Seoomendxtion: Advanced satellite navigaticm ^systms should pe 
emphasized^ with the objective of considerably improving the state- 
of-the-art of navigation system in the public domain. 

Conclusion : It- is likely. that individual companies will request^* 
hi^-resolutionj[magery of specified targets. The more definitive 
and detail^d-lEKe^ images become, .tiie more likely it will be that 
coi:5)ani*es/will want sole access to such data, 

Recomendation: The government should' address the question of 
user costs and user participation in data acquisition^ as it 
relates to users fx^om the priva^ sector. 

22 ' .. 
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